Objective: To investigate if handgrip strength (HGS) could be used as a single screening procedure in identifying patients who are classified as being undernourished or nutritionally-at-risk at hospital admission. Design: Cross-sectional study. In the second day of hospital admission, HGS was evaluated and results were compared with Nutritional Risk Screening (NRS-2002). Setting: Two public hospitals in Porto, Portugal, a university and a district one. Subjects: A probabilistic sample of 50% in-patients from each hospital of 314 patients (age range of 18-96) was studied. Patients were considered eligible if they were X18 years old and able to give informed consent. Hand pain, upper limb deformities, incapacity to perform muscle strength measurements and pregnancy were considered further exclusion criteria. Results: Patients identified as undernourished by NRS-2002 (37.9%) were older, shorter and lighter, with a lower functional capacity, a longer length of stay and a lower HGS (Po0.001). When comparing patients with lower HGS (first quartile) with those with the highest HGS (fourth quartile), this parameter revealed good sensitivity (86.7%) and specificity (70.2%) and a k ¼ 0.56. Multivariate analysis showed that patients with higher HGS had an independent decreased risk of being at nutritional risk (P for trend o0.001) odds ratio ¼ 0.19 (95% confidence interval ¼ 0.08-0.48). Our entire sample of hospitalized patients was À1.96 Z-score below the HGS cutoff of distribution data for healthy individuals. Conclusions: HGS identifies a high proportion of nutritionally-at-risk patients and can be a reliable first screening tool for nutritional risk in hospitals. Sponsorship: Fundação Ilídio Pinho and Reitoria of the University of Porto -Programa Investigação Científica na Pré-graduação.
Introduction
The burden of disease-related malnutrition (DRM) has been persistently high and the reported frequency when patients are admitted to hospital has varied between 20 and 50%, depending on the sample and tools used (Stratton et al., 2003) . Undernutrition, among these patients, develops further while in hospital (McWhirter and Pennington, 1994) . DRM has been consistently associated with adverse clinical outcomes and with a detrimental effect on physical and psychological health (Elia and Stratton, 2000; Stratton et al., 2003) . DRM is common, under-recognized and undertreated in many health-care settings (Elia et al., 2005) .
Although routine screening is widely recommended (ASPEN, 2002; Kondrup et al., 2003a; Elia et al., 2005) , there is no agreement concerning the most appropriate criteria to be used. Because of the large number of people at risk of DRM, traditional nutritional assessment is considered to be time consuming and expensive as a first-line strategy for screening. A variety of tools have been developed and are recommended for adults under hospital care, leading to different types and proportions of individuals as being at risk of DRM. The Subjective Global Assessment (SGA) (Detsky et al., 1984; Detsky et al., 1987) is recommended by the American Society of Parenteral and Enteral Nutrition (ASPEN) to screen undernutrition. The European Society for Clinical Nutrition and Metabolism (ESPEN) recommends the Nutritional Risk Screening (NRS-2002) tool not only to screen undernutrition but also to assess the risk of developing undernutrition in the hospital setting (Kondrup et al., 2003b) . Despite the fact that these assessment tools have shown high validity, low inter-observer variation as well as high practicability, they rely on nutritional parameters that require skilled and trained technicians and stretch resources. Thus, their routine use in many centres may not be accessible owing to budget restraints.
Several studies demonstrated that handgrip strength (HGS) can be used as a nutritional assessment technique that is also sensitive in evaluating short-term changes in nutritional status (Lopes et al., 1982; Windsor and Hill, 1988; Webb et al., 1989; Ades et al., 2002; Humphreys et al., 2002) . Muscle strength, measured by handgrip dynamometry, has been shown to be both sensitive and specific in predicting outcome in surgical patients (Klidjian et al., 1982; Hunt et al., 1985; Kalfarentzos et al., 1989; Webb et al., 1989; Pieterse et al., 2002; Bunout et al., 2004; Mahalakshmi et al., 2004) , and cirrhotic patients (Á lvares-da-Silva and Da Silveira 2005), as well as being associated with higher long-term mortality (Newman et al., 2006) . HGS is also useful for the detection of functional status (Humphreys et al., 2002) and in the onset of activities of daily living (ADL) dependence in the elderly (Rantanen et al., 2002) . Furthermore, the nutritional supplementation in stable chronic obstructive pulmonary disease patients (Planas et al., 2005) , resulted in a tendency to increase body weight and HGS.
The rationale for using HGS as a screening procedure is supported by other different arguments. A loss of body cellular mass causes an unequal decrease of muscle strength, which implies that a higher loss of functionality than a corresponding loss of skeletal muscle mass occurs (Vaz et al., 1996) . These changes in muscle function such as contractility, relaxation rate and endurance may anticipate body composition changes and may help detect functional impairment at sub clinical levels (Lopes et al., 1982) . HGS could offer several advantages as a nutritional screening method. The handheld dynamometer is non-invasive, quick and easy to use, portable and rather inexpensive, and does not require skilled technicians. Another advantage of HGS, in comparison to other nutritional screening tools is that patients do not need to be weighed and therefore allowing the screening of patients with fluid retention. An additional characteristic that makes the dynamometer an appealing method for screening nutritional status is that it has proved to have a relatively low observer and intra-individual variability (Lopes et al., 1982; Bohannon and Schaubert, 2005) .
The aim of our study was to analyze if HGS could be used as a single screening procedure in identifying patients that are classified as being undernourished in a hospital setting.
Materials and methods

Study sample
Three hundred and thirty-three patients were recruited in a cross-sectional study, between January and December 2004, from two public hospitals in Porto, Portugal; Hospital Geral de Santo Antó nio SA, a teaching unit and a district one, Hospital Pedro Hispano (ULS, SA). Aiming to obtain a probabilistic sample of 50% in-patients, we used a systematic sampling method selecting the first in every two admitted patients. Patients were considered eligible if they were X18 age years, able to give informed consent and with a length of stay (LOS) longer than 24 h. Exclusion criteria were upper limb deformities, pregnancy and incapacity to perform HGS measurements (Humphreys et al., 2002) . This criteria included all the situations that lead to inability to understand the explanations and to perform the technique correctly, namely: osteoarticular diseases or others, pain (e.g. caused by cannulae), sedation, comatose status, confusion and moderate/severe neurological and/or cognitive impairment or critical illness. Critical illness refers to life threatening medical or surgical conditions requiring intensive care (ASPEN, 2002) . Nineteen patients were not included because they were unable to provide the necessary information to complete the NRS-2002. Three hundred and fourteen patients (157 males and 157 females) with an age range of 18-96 completed the protocol and were included in this analysis, representing the follow diagnosis classes: cardiovascular 3.2% (n ¼ 10), respiratory 7.0% (n ¼ 22), neurological 5.1% (n ¼ 16), gastrointestinal 8.3% (n ¼ 26), 24.5% (n ¼ 77) from other internal medicine disciplines, 37.9% from surgical (n ¼ 119) and 14.0% (n ¼ 44) from other disciplines.
Data collection
After explaining the procedure to each patient, HGS was performed. Patients were sitting in a chair or bedridden, with the arm by their side of the body and the forearm stretched to an angle of 901, with elbows unsupported (Vaz et al., 1996) . The maximal value of three consecutive measurements, in the non-dominant arm using a mechanical handgrip dynamometer (Eisenhut dynamometer, Eisenhut Instruments GmbH, Germany, reference 02.140.01), was registered to the lowest kilogram (kg). Brief pauses were taken between measurements. Patients used their dominant hand when they were unable to perform HGS with their non-dominant hand.
Nutritional risk was evaluated using NRS-2002 (Table 1 ) (Kondrup et al., 2003b) . This method was developed based on the results of several randomized controlled trials showing the specific population where nutritional support is beneficial and, therefore, recommended. This tool has proved to have a high predictive validity, a low interobserver variation (k ¼ 0.67) and a high practicability (Kondrup et al., 2003a) .
Information regarding age, sex, number of completed years of schooling, functional ability, clinical diagnosis and dominant arm was obtained for overall description of this sample. Functional ability was measured through the Katz index (Katz et al., 1963) for ADL such as moving/walking, dressing, eating, bathing, personal hygiene and urinary/fecal incontinence. The patient was considered totally dependent if he or she was unable to perform more than two of these activities; partially dependent if able to perform 3-5 activities; totally independent if he performed six activities. LOS was determined between the date of admission and discharge from the ward where the questionnaire was fulfilled.
Anthropometric data were collected applying standard procedures described by Lee and Nieman (1996) . Patients were weighed wearing light clothes using a mechanical scale to the nearest 0.1 kg. Height was measured with a fixed tape to the nearest 0.1 cm. If the patient was bedridden, height was measured with the patient stretched lying in bed (Lee and Nieman, 1996) . Weight and height were used to calculate body mass index (BMI) (weight (kg)/(height (m)) 2 ). All the screening and assessment procedures were performed by two nutritionists (one in each hospital), who were not involved in the patients' care. To improve between-interviewer agreement, the nutritionists trained together, before the beginning of the study, working on grip strength and anthropometry measurements.
The study was designed in accordance with the Declaration of Helsinki (World Medical Association, 2004) and was approved by the institutional review board of the two hospitals. This protocol was submitted and approved by Hospital Pedro Hispano (ULS Matosinhos, SA) ethics committee. Patients were advised about the aims and procedures of the study, as well as their right of refusal. They all gave informed consent and those identified as nutritionally-at-risk were referred to their doctors and clinical nutritionists.
Analysis
Frequencies, means and standard deviation (s.d.) were calculated to describe the sample's most important characteristics.
As HGS values were higher for men, quartiles cutoffs were calculated by sex according to total sample distribution. Cutoff values for HGS distribution values in quartiles (25th, 50th and 75th percentiles) were respectively 10.0, 19.0 and 26.0 kg for men and 0.0, 6.0 and 11.5 kg for women. A high number of women reported HGS values of 0 kg (n ¼ 48, 30.6%), which exceeded the cutoffs of the first quartile and were therefore included in the first quartile. Lower and higher HGS values are represented by the first and fourth quartiles, respectively.
The median of the entire sample distribution was used to establish the cutoff for LOS -7 days. A LOS X7 days was considered as a long LOS. The severity of illness was defined according to NRS-2002 as absent, mild, moderate and severe (Kondrup et al., 2003b) .
The variables' normal distribution was examined with the Kolmogorov-Smirnov test. Means and median values, respectively for normal and non-normal distributed data, are presented and were compared with Student's t-test or Mann-Whitney U test, as appropriate. Frequencies were compared using w 2 test. Sensitivity, specificity, positive and negative predictive values were estimated. Agreement percentage and Cohen's k-coefficient were also assessed. Z-scores for grip strength were calculated using the recently published data by Frederiksen et al., 2006 as a reference. Odds ratios and 95% confidence intervals were calculated for grip strength. When comparing higher vs lower quartiles (fourth vs first quartile), we further adjusted for age and height, using unconditional logistic regression. To estimate the weight of HGS on LOS, OR was adjusted for sex, age, height and disease severity. Significant results were considered when Po0.05. All analysis were carried out by using 
Results
The baseline characteristics of our sample of 157 males and 157 female patients are summarized in Table 2 . The age range of the 314 patients was 18-96 years (mean age 57.3718.7 years). No significant differences were observed between genders with relation to age, education, main pathology group, number of ADL or proportion of patients being nutritionally-at-risk, but the HGS values are higher among males (Po0.001). The HGS had a high acceptability, with no refuses to participate.
Description of characteristics of the sample according to nutritional status as classified by NRS-2002 in Table 3 revealed a high proportion of nutritionally-at-risk patients (37.9%). This group of patients was older, shorter and lighter, performed fewer activities in their day to day lives, and had a longer LOS and lower HGS. All these differences had statistical significance (Po0.001). When parameters evaluated in Table 2 and Table 3 were stratified by hospital, no major changes in results or associations were observed (data not shown). Table 4 reveals a high proportion of patients with zero or extremely low HGS values, with lower values for women and patients with age X65 years. Additionally, well-nourished women under 65 had similar HGS as nutritionally-at-risk older men. Despite differences between gender and age groups, nutritionally-at-risk patients showed lower HGS values than the well nourished ones.
The diagnostic value of HGS compared with NRS-2002 is shown in Table 5 . When comparing patients with lower strength values (first quartile) with those who had the highest HGS (fourth quartile), HGS revealed better sensitivity (86.7%) than specificity (70.2%) and a good k (0.56). We obtained worse results for the second and third quartiles compared with the fourth quartile, although values were higher for sensitivity than specificity (Table 5 ). The best sensitivity was achieved when the first, second and third quartiles were analyzed together against the fourth quartile, with a very high sensitivity and negative predictive value and low specificity and positive predictive value. When analyzing surgery and internal medicine patients separately, diagnostic value of HGS was similar for both groups, with 75% of agreement and also a higher sensitivity (75.0%) than specificity (68.0%) (data not shown). Multivariate analysis (Table 6) showed that patients with increasing HGS had an independent decreasing risk of being nutritionally-at-risk (NRS-2002X3) . This risk reduction is visible among all quartiles and is stronger as HGS increases (P for trendo 0.001).
In univariate analysis each additional kg of HGS was associated with a 4% reduction of risk of a LOSX7 days (Table 7) , although not reaching statistical significance in multivariate analysis when adjusting for age, sex, disease severity and height.
Z-scores were calculated using Frederiksen et al. (2006) recently published HGS reference data. For all gender-, ageand height-specific subsets of patients the estimated mean Z-score were lower than À2.00. The lowest Z-score was À9.93 and the highest was À1.98. The mean value for Z-score for all groups was equal to À4.15. Our entire sample of hospitalized patients was 2.5% below grip strength cutoff of distribution data for healthy individuals.
Discussion
As a gold standard for identifying undernutrition does not exist, the performance of screening systems in identifying undernourished patients has been compared with more detailed nutritional assessment tools. In this cross-sectional study, the data obtained from handgrip dynamometry were compared with the NRS-2002, the tool recommended by the ESPEN to screen nutritional risk and also to assess nutritional status in the hospital setting (Kondrup et al., 2003a) . One of the main reasons for the strong resistance in implementing nutritional screening is that screening is one of the growing numbers of procedures that health professionals are asked to perform in their busy schedules (Elia et al., 2005) . The simplicity and ease required to apply HGS as a nutritional screening method, contrasts with other screening tools, which require skilled personnel. Previous studies carried out among restricted groups of patients showed that HGS has one main requirement of a nutritional status screening test, the ability to detect undernutrition (Klidjian et al., 1980; Klidjian et al., 1982; Lopes et al., 1982; Windsor and Hill, 1988; Kalfarentzos et al., 1989; Webb et al., 1989; Vaz et al., 1996; Humphreys et al., 2002) . The absence of previous reports about the performance of HGS as an undernutrition screening tool in a wide range of diagnosis, justified the evaluation of its effectiveness. The present study provided the opportunity to evaluate the screening value of HGS in a teaching and district hospital probabilistic samples, with a high proportion of undernourished patients (38%), ensuring a wide spectrum of nutritionally relevant pathologies. It also gave the opportunity to search for differences of HGS between medical and surgical patients and to evaluate the independent prognostic value of HGS using LOS as outcome in hospitalized patients.
Our data shows that HGS identifies a high proportion of undernourished patients with 23-44% of patients being misclassified, depending on the level of grip strength distribution. As expected, improved performance of HGS as a screening method was found for the patients with lower strength (allocated in the first quartile) with higher sensitivity than specificity and also with higher negative predictive values, than when higher cutoff values for HGS (second and third quartiles) were used. This diagnostic value of HGS against NRS-2002 was comparable with some studies carried out in surgical patients using HGS vs more detailed nutritional assessment (Klidjian et al., 1980 (Klidjian et al., , 1982 Hunt et al., 1985; Kalfarentzos et al., 1989; Webb et al., 1989) . The diagnostic value of HGS against NRS-2002 was comparable to that of NRS-2002 and other tools for nutritional screening and assessment at hospital admission (Kyle et al., 2005a; Valero et al., 2005) . Contrary to other non-nutritional screening methods, it is unfeasible to establish an exact diagnostic value of nutritional screening, that is, tests sensitivities, specificities and predictive values, as there is no universally accepted gold standard for diagnosing DRM.
The HGS results observed in our sample are considerably lower than those reported in other studies carried out with hospital patients (Klidjian et al., 1980; Klidjian et al., 1982) and healthy subjects (Luna-Heredia et al., 2005; Frederiksen et al., 2006) . Grip strength distribution of our sample shows a large proportion of patients with zero or extremely low values. They were more likely to be female and older, as described previously (Luna-Heredia et al., 2005; Frederiksen et al., 2006) . In this first approach to evaluate the nutritional screening value of HGS, we tried to simulate a normal screening procedure in a hospital setting. The exclusion criteria were established to exclude patients whose clinical conditions clearly would limit the technique application or whose results would be seriously biased. When screening at bedside, it is very difficult to discriminate between a low grip strength value owing to acute undernutrition or to a high disease severity. Therefore, we have chosen the best study design between including false-positive results and a selection bias, excluding all zero patients.
When compared with Danish reference data (Frederiksen et al., 2006) , values for HGS below À1.96 Z-scores (2.5%) for standardized sex, age and height were found in all patients. It is unclear whether this could represent a high level of poor muscle function associated with undernutrition, functional impairment and disease in our sample patients or if revised standardized values are required for HGS in hospitalized patients. Available preliminary data suggest that mean HGS may vary across countries, regardless of height (Frederiksen et al., 2006) and therefore highlights the need for Portuguese reference data. Another possible explanation for the lower HGS values found in the present study is the choice of the non-dominant hand for grip strength measurements, as lower values were described previously for HGS measurements made with the non-dominant hand Hornby et al., 2005; Luna-Heredia et al., 2005) . Furthermore, the characteristics of the hand dynamometer used could have contributed to the results. The mechanical handgrip dynamometer used is a simple steel instrument; it may not be as ergonomic and comfortable as more sophisticated models. If this was true, there could have been a tendency for all these measurements to be systematically biased downward, although it did not lead to misclassification. The low values found for HGS advocate the use of more sensitive and ergonomic dynamometers in the hospital setting.
As the entire sample showed HGS values under À1.96 standardized for sex, age and height Z-scores (Frederiksen et al., 2006) , the question whether to establish screening cutoff points to separate findings, that were considered to be positive or negative, has emerged. The best sensitivity was achieved when we took into consideration fourth quartile cutoffs of our sample distribution by gender, corresponding to patients with higher HGS. Lowering the threshold for considering a HGS result to be negative (classifying the patient as well nourished) will increase the level of false-negatives, thus reducing sensitivity. As DRM has been shown to be very prevalent, a very sensitive screening procedure will be preferable. Further research is needed to confirm those screening cut points.
This was to our knowledge the first study to evaluate the independent association between HGS and LOS as outcome in hospitalized patients. We found that higher HGS at admission was related to a shorter LOS, although not significantly after statistical adjustments. As undernutrition and other comorbidities have been shown to have cumulative effects on LOS (Correia and Waitzberg (2003) ; Kyle et al., 2005b) , we tried to account for this eventual confounding factor by adjusting for illness severity. The possibility of having residual confounding cannot be ruled out by incompletely accounting for all the confounding effects of disease on LOS.
Although the findings of the high agreement between HGS and NRS-2002 corroborate the use of NRS-2002 as a nutritional screening and assessment method, the possibility that HGS could be a better tool than NRS-2002 for nutritional screening at admission cannot be ruled out. Even though both have been validated as nutritional assessment tools, this question can only be answered once they have been compared together against a gold standard.
Fourteen out of three hundred and fourteen patients had a BMIo 18.5 kg/m 2 . Approximately one-tenth (n ¼ 12) of those classified as nutritionally-at-risk and one-hundredth (n ¼ 2) of those classified as well nourished by NRS-2002 had a BMI in this category. This confirms that both nutritionallyat-risk and well-nourished patients can have a normal BMI status and even so, being the object of a depletion process, stretching the need of a screening procedure related to functional status. When measuring HGS there is an optimal grip span at which the standard dynamometer should be set. In women, the optimal grip span has been shown to be influenced by hand size (Ruiz-Ruiz et al., 2002) . In the present study, this has not been taken into account in the study design to simulate the in loco screening procedure.
It was first suggested that HGS relies on the motivation of the patient (Fettes et al., 2002) . This was further confirmed in a study carried out in healthy young volunteers that quantified the effects of instruction type, verbal encouragement and visual feedback on static and peak grip strengths and verified that these three factors had significant but independent effects (Jung and Hallbeck, 2004) . To minimize the possibility that interviewers could involuntarily introduce an external influence in grip strength measurements, procedures on grip strength data collection were trained by the two interviewers before the beginning of study.
The limitations of this study include those inherent to its design. A constraint of HGS use as a screening method is that subject cooperation is required, thus limiting the scope of this study to patients who were able to perform muscle strength measurements. The possibility of utilization of the HGS as a screening method would therefore be limited to some groups of patients or conditions, namely pain (e.g. caused by cannulae), sedation, comatose status, osteoarticular diseases, confusion or moderate/severe neurological and/ or cognitive impairment or critical illness.
In conclusion, zero or extremely low values obtained for dynamometry advocates the use of a more sensitive dynamometer in the hospital setting. Despite some limitations associated with the technique itself, HGS identifies a high proportion of nutritionally-at-risk patients, being strongly and inversely related to nutritional risk. These data suggest that HGS can be a reliable first hospital screening tool for nutritional risk. Further research is needed to confirm the screening cut points.
